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HYBRID POWERTRAIN SYSTEM INCLUDING SMOOTH 
SHIFTING AUTOMATED TRANSMISSION 

Background of the Invention 

Field of the Invention 

[0001] The present invention relates to a powertrain system and, more 
particularly, to a hybrid powertrain system including an automated transmission. 

Description of the Related Art 

[0002] Automated mechanical transmission systems .not requiring a vehicle driver 
to operate a vehicle master clutch (so called "two-pedal systems"), are known in the 
art. When the master clutch is engaged and rotational torque is being transmitted 
from the vehicle engine to the transmission, there generally is a large torque load or 
"torque lock" holding the transmission gear engaging device in a particular position. 
This torque load makes it quite difficult, if not impossible, to shift the transmission to 
neutral or change gears without somehow significantly reducing the torque load. One 
way to relieve torque load is to disengage the master clutch, which breaks the 
coupling between the input member and the output member. Disengaging the master 
clutch permits the torque load to go to zero and allows the operator or automated 
transmission system to shift into neutral or change gears. However, shifting the 
transmission with the master clutch remaining engaged is preferred in many 
situations, as such shifts tend to be of a higher shift quality and/or cause less wear on 
the powertrain. 

[0003] For these and other reasons, it is desirable to provide an improved system 
and method of facilitating a gear ratio change in an automated transmission. 

Summary of the Invention 
[0004] A powertrain system is provided that includes a prime mover and a 
change-gear transmission having an input, at least two gear ratios, and an output. The 
powertrain system also includes a power shunt configured to route power applied to 
the transmission by one of the input and the output to thfe other one of the input and 
the output. A transmission system and a method for facilitating shifting of a 
transmission system are also provided. 
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Brief Description of the Drawings 
[0005] Embodiments of the invention will now be described, by way of example, 
with reference to the accompanying drawings, wherein: 

[0006] FIG. 1 is a block diagram showing a vehicle powertrain system according 
to an embodiment of the present invention; 

[0007] FIG. 2 is a schematic diagram showing a transmission arrangement 
according to an embodiment of the invention; 

[0008] FIG. 3 is a schematic diagram showing a transmission arrangement 
according to another embodiment of the invention; 

[0009] FIG. 4 is a block diagram showing an electric power shunt for use in the 
transmission arrangements of FIGS. 2 and 3; and 

[0010] FIG. 5 is a block diagram showing a hydraulic power shunt for use in the 
transmission arrangements of FIGS. 2 and 3. 

'.v , " 1 

Detailed Description of the Invention 
[0011] FIG. 1 is a block diagram showing a powertrain system 20 according to an 
embodiment of the present invention. In the illustrated embodiment, powertrain 
system 20 includes a prime mover 22, such as a spark-ignited. or compression-ignited 
internal combustion engine, a change-gear transmission 24 and a master clutch 26. 
Powertrain system 20 also includes a power shunt 27 that includes a first motor- 
generator 28 and a second motor-generator 30. The term motor-generator is used to 
describe devices that generate a rotational output based on a power input and/or 
generate a power output based on a rotational input. Such motor-generator devices 
include, without limitation, electric motor-generators and hydraulic motor-pumps. 
[0012] In an embodiment, powertrain system 20 also includes an electronic 
control unit (ECU) 32 for controlling operation of prime mover 22, transmission 24 
and motor-generators 28, 30. In an implementation of the invention, ECU 32 includes 
a programmable digital computer configured to receive various input signals, 
including without limitation, the operating speed of prime mover 22, transmission 
input speed, selected gear ratio, transmission output speed and vehicle speed. ECU 32 

processes these signals accordingly to logic rules to control operation of powertrain 

-2- 

ExpressMailNo.: EV078877674US 



66046-0007 (01-TRN-284(HE V)) PA TENT 

system 20. To support this control, each of prime mover 22 and transmission 24 may 
optionally include its own controller (34 and 36, respectively), which is controlled by 
ECU 32. However, the present invention is not limited to any particular type or 
configuration of ECU 32 and controllers 34 and 36, or to any specific control logic for 
governing operation of powertrain system 20. For example, ECU 32 may perform the 
functions of controller 34 or 36. 

[0013] As will be discussed in further detail below, powertrain system 20 may 
also include at least one energy storage device 38 for providing energy to operate first 
and second motor-generators 28, 30. For example, energy storage device 38 may 
include a hydraulic accumulator when first and second motor-generators 28, 30 
function as hydraulic motor-pumps. When so configured, each hydraulic motor- 
generator 28, 30 may be provided in communication with energy storage device 38 
through a hydraulic controller 39 (see, e.g., FIG. 5), as is known in the art. 
Alternatively, energy storage device 38 may include a battery, a bank of batteries or a 
capacitor when first and second motor-generators 28, 30 function as an electric motor- 
generator. When so configured, each electric motor- generator 28, 30 may be 
provided in electrical communication with energy storage device 38 through a drive 
inverter 40 (see, e.g., FIG. 4), as is known in the art. 

[0014] Referring to FIG. 2, an embodiment of transmission 24 is shown. In the 
illustrated embodiment, transmission 24 includes an input shaft 42, a main or output 
shaft 44, a countershaft 46 that extends generally parallel to input and output shafts 42 
and 44, and one or more gears arranged on and/or around shafts 42, 44 and 46. In a 
particular configuration, first motor- generator 28 is connected to input shaft 42 and 
second motor- generator 30 is connected to output shaft 44. When first and second 
motor-generators 28, 30 function as electric motor-generators, as illustrated in FIG. 2, 
input and output shafts 42, 44 are connected for rotation with a rotor 48 that is 
positioned within a stator 50. Each rotor 48 may be splined to its corresponding shaft 
42, 44 for rotation therewith; however, other configurations known in the art may also 
be used to connect rotors 48 with shafts 42, 44. While first and second motor- 
generators 28, 30 are shown in FIG. 2 as comprising electric motor-generators, they 
are not necessarily limited thereto. Moreover, while transmission is shown and 
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described as a layshaft configuration, other configurations, including planetary 
gearing configurations, are also with the scope of the invention. 
[0015] Input shaft 42 is connectable to prime mover 22 through clutch 26 (not 
shown in FIG. 2). In an embodiment of the invention, clutch 26 is an automated 
master clutch. Thus, engagement and disengagement of clutch 26 functions 
automatically without actuation of a pedal or other input by the vehicle driver. 
However, other clutch designs in which engagement and disengagement of the clutch 
is governed by the vehicle driver, are also within the scope of the invention. 
[0016] To input shaft 42 there is connected a first headset gear 52 that meshes 
with a second headset gear 54 connected to countershaft 46. Countershaft 46 carries a 
number of input gears 56, 58, 60, 62 and 64 that are affixed.to and, therefore, rotate 
with countershaft 46. The number of input gears provided on countershaft 46 is not 
limited to the number shown in FIG. 2, and may include more or less input gears 
depending on the number of ratios desired in transmission 24. The term "gear" is 
used to define the toothed wheels illustrated in FIG. 2, as well as manufacture of the 
toothed features of the wheels directly into input and output shafts 42, 44 and 
countershaft 46. 

[0017] To output shaft 44 there are rotatably supported a number of output gears 
66, 68, 70, 72 and 74. Unlike input gears 56-64 on countershaft 46, output gears 66- 
74 are free to rotate around output shaft 44. Input gears 56-64 are each meshed with a 
corresponding output gear 66-74 to create a number of gear ratios in transmission 24. 
As with input gears 56-64, the number of output gears 66-74 provided on output shaft 
44 is not limited to the number shown in FIG. 2. 

[0018] To countershaft 46 there is also connected a reverse input gear 76 that 
rotates together with countershaft 46. Reverse input gear 76 is meshed with an idler 
gear 78 that, in turn, is meshed with a reverse output gear 80 rotatably supported on 
output shaft 44. The idler gear 78 changes the direction of rotation of output gear 80, 
which causes the vehicle to move in the reverse direction when engaged to output 
shaft 44, whereas the other output gears 66-74 cause the vehicle to move in the 
forward direction when engaged to output shaft 44. 

[0019] In the embodiment illustrated in FIG. 2, transmission 24 also includes 
axially moveable clutches 82, 84, 86 and 88, such as non-synchronized single or 
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double acting dog-type clutches, which are splined to output shaft 44 for rotation 
therewith. In an embodiment, clutch 82 is moveable in an axial direction toward first 
motor-generator 28 to fix output shaft 44 for rotation with input shaft 42 (through 
headset gear 52) or in an opposite direction to fix output gear 66 for rotation with 
output shaft 44. Similarly, clutches 84-88 may be moved in opposite axial directions 
to rotationally fix their corresponding output gear(s) to output shaft 44. 
[0020] As described above, ECU 32 delivers commands to the components of 
powertrain system 20 based on the receipt and evaluation of various input signals. 
These commands may include gear ratio selection commands to a shift control device 
(not shown) that indirectly moves clutches 82, 84, 86 and 88 to establish the gear 
ratios between countershaft 46 and output shaft 44. The shift control device may be a 
conventional device, such as, for example, an X-Y electromechanical shift actuator 
system or any other suitable device that controls the axial position of each of clutches 
82, 84, 86 and 88 through a rail-type shift control mechanism (none shown). 
Alternatively, clutches 82, 84, 86 and 88 may be hydraulically and/or 
electromechanically operated without the use of a rail-type shift control mechanism. 
[0021] Referring to FIG. 3, another embodiment of transmission 24 is shown. In 
this embodiment, first motor-generator 28 is connected to the input of transmission 24 
through a power takeoff (PTO) of transmission 24. In a representative configuration 
shown in FIG. 3, first motor-generator 28 is connected to a power takeoff gear 90, 
which is meshed with second headset gear 54 on countershaft 46. Alternatively, first 
motor-generator 28 may be connected with a gear or other device (not shown) on the 
upstream side of clutch 26. For example, motor-generator 28 may be connected to . 
prime mover 22 by an engine accessory drive belt, such as is used for an alternator or 
a power steering pump. 

[0022] Operation of powertrain system 20 will now be described with reference to 
FIGS. 1-3. In a first mode of operation, power is transmitted from input shaft 42 into 
countershaft 46 and then into output shaft 44 through cooperating input/output gears 
(e.g., gears 64 and 74). As noted above, a gear ratio is selected by operating one of 
clutches 82, 84, 86 and 88 to fix rotation of an output gear (e.g., gear 74) with output 
shaft 44. 
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[0023] When master clutch 26 is engaged and power is being transmitted from 
prime mover 22 through transmission 24 to output shaft 44, there generally is a large 
torque load or "torque lock" holding the engaged clutch in a particular position. 
During a gear ratio change or "shift event", the power applied to output gears 66-74 
must approach a zero value, so that the clutch (e.g., clutch 86) engaged to the selected 
output gear (e.g., gear 74) may be disengaged and a new output gear can be engaged. 
For optimum operation of powertrain system 20, there is also a desire to continuously 
apply power from prime mover 22 through the transmission 24 to output shaft 44. To 
meet both of these operating objectives during a shift event, first motor- generator 28 
may be operated as a generator to absorb power from prime mover 22, and second 
motor-generator 30 may be operated as a motor to apply power to output shaft 44. 
This operation maintains power on output shaft 44, and reduces the power applied 
through transmission 24 toward a zero value, which overcomes the "torque lock" 
imposed on the engaged output shaft clutch by the selected output gear. Once the 
power transmitted between the selected output gear (e.g., gear 74) and the engaging 
clutch (e.g., clutch 86) significantly decreases or falls to zero, the engaging clutch 
may be disengaged and a different gear ratio may then be selected when appropriate. 
[0024] In a motor vehicle application, driveline torque may be transmitted from 
prime mover 22 through input shaft 42, into transmission 24, and then through output 
shaft 44 to the drive wheels. In this manner, the driveline torque is considered 
positive. Alternatively, driveline torque may be transmitted from the drive wheels of 
the vehicle, through output shaft 44 into transmission 24, and then through input shaft 
42 to prime mover 22, such as when the vehicle is slowing to a stop. In this manner," 
the driveline torque is considered negative. When the driveline torque is negative, 
second motor-generator 30 may be operated as a generator to absorb the power from 
output shaft 44, and first motor-generator 28 may be operated as a motor to drive the 
prime mover through input shaft 42, to maintain power from output shaft 44 to input, 
shaft 42, and relieve torque on the selected output gear (e.g. gear 74) to overcome any 
"torque lock" imposed on the selected output gear (e.g. gear 74) by the engaged 
output shaft clutch (e.g. clutch 86). The engaged output shaft clutch (e.g., clutch 86) 
may then be disengaged and a different gear ratio may then be selected when 
appropriate. 
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[0025] In an embodiment of the invention, the power to operate second motor- 
generator 30 as a motor during a shift event is provided by first motor-generator 28 
operating as a generator. Particularly, first motor-generator 28 is used in the 
generator mode to absorb power from prime mover 22 at input shaft 42, while the 
power accepted by first motor-generator 28 is shunted to second motor-generator 30 
to apply torque to output shaft 44. An up-shift gear change may be accomplished in 
this manner by operating first and second motor-generators 28, 30 to adjust the speeds 
of input shaft 42 and output shaft 44 to the appropriate values for the new gear ratio, 
while continuing to absorb power from prime mover 22 and apply power to output 
shaft 44. More particularly, the speeds of input shaft 42 and/or output shaft 44 may 
be adjusted to modify the speed of output gears 66-74 and/or clutches 82, 84, 86 and 
88 such that the rotational speed of a ratio gear is substantially similar to the rotational 
speed of an engaging clutch during a gear ratio change. 

[0026] Alternatively, the power to operate first motpr-generator 28 as a motor 
during a period of negative driveline torque is provided by second motor-generator 30 
operating as a generator. Particularly, second motor- generator 30 is used in the 
generator mode to absorb power at output shaft 44 and shunt this power to first motor- 
generator 28 for application to input shaft 42. By shunting power between the input 
and the output of transmission 24, and appropriately controlling torques and speeds 
during a shift event, the speed of an up-shift or downshift event can be significantly 
increased and transmission 24 can be "power shifted" without interruption of power 
between input shaft 42 and output shaft 44.. 

[0027] Referring to FIGS. 1, 4 and 5, the flow of power between first and second 
motor-generators 28, 30 during a shift event may be direct, as shown in FIG. 1, or 
indirect, as shown in FIGS. 1, 4 and 5. As shown in FIQ. 4, when first and second 
motor-generators function as electric motor-generators, the electric power generated 
by first and second motor-generators 28, 30 may be routed through a drive inverter 40 
and stored in energy storage device 38 prior to distribution to the motor- generator 
requiring power. As shown in FIG. 5, when first and second motor-generators 
function as hydraulic motor-pumps, the hydraulic power generated by first and second 
motor-generators 28, 30 may be routed through hydraulic controller 39 and stored in 
energy storage device 38 prior to distribution to the motor- generator requiring power. 
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Operation of each motor- generator 28, 30 as a generator may occur during a shift 
event or at any time during operation of powertrain 20 where operation of motor- 
generators 28, 30 as a generator does not adversely impact operation of powertrain 
system 20. 

[0028] In an embodiment of the invention, the power shunted between first and 
second motor-generators 28, 30 may be diminished by storing a portion of the shunted 
power in energy storage device 38 or augmented by applying stored energy to the 
power stream between first and second motor-generators 28, 30. In another 
embodiment, powertrain system 20 may include a single motor-generator 30 
connected to output shaft 44. In this embodiment, motor-generator 30 may be 
operated as a generator to charge energy storage device 38 when convenient, such as 
between shift events and during vehicle cruise. During periods of positive driveline 
torque, motor-generator 30 uses the stored energy for operation as a motor to maintain 
power on the output shaft 44 during a shift event. Alternatively, during periods of 
negative driveline torque, motor- generator 30 is operated as a generator to charge 
energy storage device 38. When no input shaft motor-generator is employed, the 
torque and speed on transmission input shaft 42 is controlled in some other manner, 
such as by controlled operation of prime mover 22 with clutch 26 engaged. 
[0029] During periods of positive driveline torque, the power shunted between 
first and second motor-generators 28, 30 is the power produced by prime mover 22. 
The capacity of first and second motor-generators 28, 30. may be reduced by limiting 
the amount of power produced by prime mover 22 during periods of positive driveline 
torque when power is shunted from first motor-generator 28 to second motor- 
generator 30. For example, ECU 32 may reduce fueling of prime mover 22 operating 
as an engine when power is shunted from first motor-generator 28 to second motor- 
generator 30. 

[0030] In transmission systems that disengage the master clutch during a shift 
event, the torque applied to the output shaft of the transmission significantly decreases 
or falls to zero during a gear ratio change. In a motor vehicle, this interruption of 
torque is perceived by the vehicle occupants. However, when powertrain system 20 is 
employed in a motor vehicle, second motor- generator 30 may be operated to maintain 
torque on output shaft 44 through to the drive wheels of a vehicle employing 
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powertrain system 20 when a gear ratio change is requested. This feature improves 
the shift smoothness and shift quality of powertrain system 20 in addition to enabling 
automated "power-shifting" of transmission 24. 

[0031] The present invention has been particularly shown and described with 
reference to the foregoing embodiments, which are merely illustrative of the best 
modes for carrying out the invention. It should be understood by those skilled in the 
art that various alternatives to the embodiments of the invention described herein may 
be employed in practicing the invention without departing from the spirit and scope of 
the invention as defined in the following claims. It is intended that the following 
claims define the scope of the invention and that the method and apparatus within the 
scope of these claims and their equivalents be covered thereby. This description of 
the invention should be understood to include all novel and non-obvious combinations 
of elements described herein, and claims may be presented in this or a later 
application to any novel and non-obvious combination of these elements. Moreover, 
the foregoing embodiments are illustrative, and no single feature or element is 
essential to all possible combinations that may be claimed in this or a later 
application. 
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